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Abstract: [ Objective] This study investigated the role of succession and regeneration for populations of Cyclocarya
paliurus; in particular, seasonal dynamics of seed rain and soil seed bank characteristics were investigated. [ Method ]
Investigation of seasonal dynamics of seed rain was performed in plantations of C. paliurus with three densities ( C1.
1 050 plant/hm*, C2: 720 plant/hm’, and C3: 525 plant/hm®) , which were planted in Dashishan, Liyang, Jiangsu
Province ; the traits of seeds were also analyzed. In addition, we surveyed and dissected the soil seed banks dispersed in
five natural populations located in Jiuling Mountain, Jiangxi Province. The soil seed banks in two layers, named as litter
layer ( 1) and soil layer ( Il ), were separately analyzed.[ Result] According to the density of seed rain, the duration of
seed falling was divided into three stages: early stage (8.20-9.20), medium stage (9.20-12.10), and late stage

(12.10-12.30) ; two peaks of seed rain were recorded at 9.10 and 12.20, respectively; the amount of seed rain during
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these two peaks in the early and late stage accounted for 42.4% and 43.5% of the whole annual production, respectively.
The differences of seed rain and number of viable seeds at various stages were significant, but the other seed traits were
insignificant. Moreover, the effects of plantation density on the number of full seeds and 1 000-seed weigh were
significant, but no effect on the other seed traits was detected. In five natural populations of C. paliurus, the density of
soil seed bank in the I layer (37.4 grain/m’) was higher than that in the I layer (17.9 grain/m®), and this
parameter presented an obvious divergence among populations. Moreover, the seed diameter, thickness and volume from
the II layer were all smaller than those from the I layer. More importantly, seed fullness and viability from the soil seed
banks were lower by 13.0%-27.1% and 0%—-10.4% , respectively. However, these indicators of seeds from the 1 layer
were generally higher those from the II layer, indicating a descending tendency in seed quality as duration increases.
[ Conclusion ] There were two peaks of seed rain in plantations of C. paliurus, and stand density affected the density of
seed rain and 1 000-seed weigh more than seed fullness or viability. Both the quantity and quality of seeds in the soil
banks from the I layer were superior to those from the II layer. The dormancy of seeds stored in soil is relieved in favor
of regeneration and succession of C. paliurus populations.

Keywords : Cyclocarya paliurus; seed rain; stands density; seasonal dynamics; soil seed bank; natural regeneration
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Table 1 Basic informations of plantations and natural stands of Cyclocaya paliurus
" Wkl S5/ Fpv
755 . SR/ (° /(e
Waxm FEES ey SE/C) 0 HBZC) g5 HERE 8
. population . longitude latitude . .
stand type location slope altitude habitat No. of collection/
code (E) (N)
quadrat of seed bank
I{l\iﬁm TLARERFH (LY) 30 153~212 119.716 7 31.6833  BEy/ AR 27
JLS1 22 789~819 115.324 6 29.0915  AA/ Ak 12
FH TS UL JLS2 22 815~920 115.264 1 29.014 5  BES/ A BRI 5
<
natural stand (JLS) JLS3 25 477 115.300 4 29.0310 B/ AORLLL 27
JLS4 21 455~577 115.223 3 29.0330 B/ AR 15
JLS5 29 360~408 115.078 7 28.8935 A/ fTRILIHE 4
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PR R PEAL 7 B PR RAE s B2 A RTE
HE, FERO0~5 em 12, 43 E B0 570 8] 52 5
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Table 2 Effects of plantation density on maternal

R, AT i v ol 1

individual growth of C. paliurus

WE WA MarEE/
st m o (Bk-hm™?)

mode space density

4%/ cm i/ m TEME/m
DBH height canopy

Cl 4.0x2.4 1050  15.98+2.88 a 10.40+1.08 a 3.90+0.94 a
2 4.0x3.6 720 16.13£2.92a 10.18+1.11 a 4.26+0.98 b

C3 4.0x4.8 525 17.90£4.22 b 10.21+1.41 a 4.30£1.04 b

L ANRNE S5 R R A [ bR 43 25 B A 2 ) 28 57 3 (P<
0.05), Different lowercase letters indicate significant differences
among plantaion densities at P<0.05.
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R 2R A (P>0.05)
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.d‘l)

5
4 |
3
2

seed rain density

R B/ Oy - m 2
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HEIT-H)

data(month-day)
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B/ (m?-d) ; QR 9 A 21 H—12 H 10 H,
BB R ERA0 9 A 21 H—11 A 20 HiEFh & 522
PR NEaFY, C1 . C2 A C3 AT b1 R % B 04
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H—12 A 30 H I, & Fra7E 12 A 20 Hik3%
2 AT B S 7K 5¢ s R €1, C2,C3 By Fh
THHES N 3.8.2.8.2.9 F/(m?-d), WHT
MR RERE TSI SR RS IS TE R Il TR
REIR, TE RIS 3 FlobRor 25 BE i b T 25 B2 2% ¢
F(P<0.01), £ K C1[3.1 $/(m*-d) ]>C2[ 1.9
$i/(m?-d) 1>C3[ 1.4 B/ (m?-d) ] ; 7&F 5 A [H]
ARG 458 B [ o TR 85 85 22 S A W 3 5 VR b v B
W RN, A BB mMA R E, G6kE,
TRV %% B2 Bl MR 8 B A3 hnm 3

100 Aa
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= (Cl; o C2; =« C3,

ARG TR R R — 8 A5 I 1 22 5 B3 (P<0.05) , ARIRS FHEROR [ — I WA [R]85 BE (8] 22 5% .3 (P< 0.05) , Different

lowercase letters indicate significant differences among seasonal shift at the same density (P<0.05) ; different uppercase letters indicate

significant differences among various densities at the same period (P< 0.05).
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Fig.1 Seasonal dynamics of seed rain density and litter biomass in plantation of Cyclocarya paliurus
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Table 3 Two-factor variance analyses of density and season shift effects on seed traits of C. paliurus

BT e e TRIEE HAES R N T HAR

% g W IR T msy TTTE seed diameter

fact lensity of FTE ratio of ced iab] J seed - -

actor aensity ,0 full seed full seed be'e viable ‘se(? . thickness e Hll

seed rain weight seed viability without wing with wing
JEF G B seed falling period 0.00 " 0.48 0.80 0.15 0.00 " 0.61 0.06 0.16 0.81
WA B FE stand density 0.71 0.01"" 0.23 0.00"*  0.06 0.87 0.07 0.57 0.28
3 N B SNBRRE o alli
RN EDARIR I seed falling 1o 0.55 0.83 0.95 047 0.91 0.15 0.67 0.94
periodxstand density
TE: = = P<0.01,
x4 FEOAIKHFRERNSERLR
Table 4 Multiple comparisons on seed rain traits of C. paliurus plantation
o i H 0¥ %/ HAE 4y kv -
i H WrBe/ B PR ney L TR/ g
item hase/ density (Hiem™-d) (CRem™) (Hi-m™) 1 000-seed weight
P ’ density of seed rain viable seed offull seeds 6
Hi] early-stage 185 (12~2.8) Bb 0.5 (0.03~0.58) Bb — —

TERRBT B ()
seed drop stage H medium-stage 0.15 (0.1~0.2) Aa 0.04 (0.03~0.06) Aa — —
(median) J 1 later-stage 1.80 (1.3~2.6) Bb  0.10 (0.06~0.14) Bb — —
Mosrsspep Cl — — 51 (45.0~84.5) Bb 144.05 (126.33~151.81) Aa
code of plantation C2 — — 35 (31.0~40.0) Aa 137.68 (127.63~150.00) Aa

density e

24 (14.5~44.5) Aa

162.75 (145.45~170.58) Bb

HAFER NGB R TE P< 0.01 F1 P<0.05 K F 25 0% . Different uppercase and lowercase letters indicate significant differences at P< 0.01 and

P<0.05 level, respectively.

GAARE I TR R I A R R
AT AR T A P R B (H A v e Y
255 AN 2 5 AV v W 0 R T o L3 Gk
42.4% M1 43.5% , &1t I AAE1) 85.9% , F4b, K
R AR 2 R R B, 3 FhAR Ay
B ) T RN o R 0 R S TR BT i 25 R
(P<0.05) ; Hirp | C1 % T 1R 35 Fh -5 v Bk
51 (45.0~84.5) Hi/m* M & & T C3 HEH 24
(14.5~44.5) Ki/m’Fl C2 %Y 35 (31.0~40.0)
Ki/m’(P<0.01), C3 % BT BFhF TR0 i 47
Bk 162.75 (145.45~170.58) o, & T Cl
HEEHY 144.05 (126.33~151.81) g Fl C2 Y
137.68(127.63 ~150.00) g(P<0.01) ,/H C1 5 C2

WENESARE, 5L SR C3 MR
Fh A 3 KT b AR EE ARy €2 A CL, B
-0 85 5 R0 A 3 g R R S TR 9 AR Ay
C1 FRh TR0 0T it I 25 = T = %% AR A3, T e U
THE BRI E SRR 22 57
2.2 EHRWIRAMLERFESE
221 TFAPEAA KR

PR 5 AN RARBEARIIAL T ILR I E R A 5K
TR X, P R KRR IA JLST A TR IX i 2%, 7
AT (JLS3 A1 JLSS ) 1o T3 X Y S5 X, P4
FEAAR (JLS2 F1 JLS4) A3 T 22 #h X5 4% A 1 T FH 22
FER(EKS)

K5 FHRURAMBEEERER

Table 5 Basic information of C. paliurus in natural stands

. LR VA . .
S fV/m? ¥ ; . i/ A LA "
i3 I JHF/m (Hkohm2) FRHL W#2/em W5/m JE I/ m HREA Tﬁﬁ;@ it 4. ]/ cm Bl H%
population  area of . : crown canopy 2R/ em diameter
. maternal trees in DBH height . . trees percentage
code population . breadth density litter class
tree density  quadrat

JLS1 5000 200 12 21.6+7.8 12.0£2.5  4.65+1.7 0.75 >2~4 [(1~10) 22 23.66
JLS2 2500 130 14 11.9£5.0 10.4£3.0  3.56=x1.1 0.80 >4~6  11(>10~20) 21 2258
JLS3 1 500 100 22 26.3£12.6  15.5£3.3  5.03z1.3 0.80 >2~4  M(>20~30) 25 26.88
JLs4 4 000 60 31 22.7£12.6  13.3£2.0  4.85z%l.1 0.75 >2~4 IV (>30~40) 16 17.20
JLSS 1 500 50 14 22.649.3 13.1£1.2  4.81+1.5 0.80 >4~6  V(>40~50) 8 8.60
A1t total 93 VI(>50) 1 1.08
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BEAR JLST MBI E R Z , A K TiA T
P A A SERT, Bt R0, K 100~ 150 m | 5 40~
60 m; #EE JLS2 o F I, WK, A EMAR;
JLS3 7 T BEWIM, Ah i 3R 5, AR 24 1 500
m’; JLS4 FI JLSS B A B R Am . Fra #EA
FIRREA BE 3435 5 0.75 DL b PR 6 IR 455, M
BOAR T B8 4l AR A RE T AR B 1~ 2 B
(£5),

MFE S ATHL BR JLS2 BRI MAR A 11.9 em
A HAAIHE 20 em Dhb 5 R G0 B & B, 4% <30
em FOAEBE & Uik 73.12%, <10 em A AR RE-1 35
23.66% . FHIL AT UL, JUU L1 1) R SR B 44 35 Ay 36 K
Y (increasing type) "' 45 A N TAKE A KR,
J4E>10 em FIAEARDE A TFAESE STREH  (H {2 <10
em PURARA R RNGE SERE T AT E IR, ILAhie
R, AR I 45 S B 2% 1 25 AR, M 50~200
PR/ hm® NG 36 - HERR - i %% B 23 7 AR AR )

AL
222 REAFEEAHIE

B T 75 RN R SR AR A 5 57 b R 43 S 3
BRI ABRILHL, A A #R R H )2 00, Rt AE A
A LR R AT 40 SR A A RTE I )E (]
BOMEZE(NZE) ;SR LZERBMRK, Z S
JEFEH 2~10 em,

AR, | 20 R % B AR S50 [ R
23.5~56.7 ¥i/m’, 2K 6.9~25.0 ki/m”; i A #
PRS- Fp 7 R E A R B T J2(37.4 Bi/m*) >
IZ(17.9 ki/m?®) (£ 6) . HEH& ) 09 Fh 1 22 %5
2S5 3R B F K (P<0.05) |, H 5] —FEV& N RE 5
] 728 S R AR R K e ih 3 85.5% ., #E 1 A
JER PR BE RN 55, 5 B 10 R/ NI A Tk
A LJLS3 (78.5 Ki/m?) >JLS1 (64.3 Ki/m®) >JLS5
(53.0 Bi/m”>) >JLS2 (50.4 Ki/m*) >JLS4 (30.4
Ki/m?®)
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Table 6 The phenotype characteristics of seed in soil banks from natural populations of C. paliurus in Jiulingshan

TR/

Fig's . s ATV e .
g RSy O 1 R R 2
population . . . 1 000-seed . C
layer density of diameter thickness volume . fillness viability
code weight
seed bank
J1S1 39.3+23.1 Aab 8.2+0.0 Aa 7.7£0.1 Aa 0.154+0.003 Aa  145.2+3.5 Aa 21.7+0.7 Ab 8.5+0.3 Aa
(58.8) (0.23) (1.93) (2.02) (2.4) (5.5) (5.9)
ns2 37.6+19.5 Aab 7.1£0.1 Ac 6.6+0.1 Ad  0.129+0.003 Ac  105.5£1.7 Ac 14.2+1.6 Ac 7.8+0.4 Aa
(51.9) (1.23) (1.22) (2.41) (1.7) (19.1) (9.8)
1S3 56.7+36.3 Aa 7.5+0.1 Ab 6.8+0.1 Ac 0.131£0.001 Ac  104.7+6.8 Ac 19.1+0.4 Ab 8.5+0.1 Aa
I i (64.1) (0.10) (1.40) (0.72) (6.5) (3.1) (1.2)
J1S4 23.5+17.2 Ab 8.1+0.1 Aa 7.4+0.1 Ab  0.144:0.002 Ab  132.3+3.7 Ab 27.1£0.9 Aa  10.4+0.5 Aa
’ (73.1) (0.81) (1.26) (1.18) (2.8) (5.5) (8.7)
IS5 30.0+6.0 Aab 8.2+0.1 Aa 6.8+0.1 Ac  0.142+0.002 Ab  129.6+5.5 Ab 15.0£0.9 Be 10.0£0.3 Aa
(20.0) (1.00) (1.40) (1.09) (4.2) (10.0) (5.0)
-1
P 37.4 7.8 0.7 0.140 121.8 19.4 9.0
average
JIS1 25.0+9.8 Ba 7.9+0.1 Ba 7.1£0.0 Ba 0.139+0.001 Ba  126.1+1.7 Ba 13.0+0.0 Bb 6.7+0.3 Ba
’ (39.3) (1.43) (0.3) (0.68) (1.3) (0) (8.7)
ns2 12.8+10.2 Bab 6.8+0.2 Ac 6.4+0.2 Ab  0.120+0.002 Bb ~ 99.0+3.2 Ac 14.2+1.7 Ab 0+0 Ba
(80.0) (2.3) (2.8) (2.04) (3.2) (21.4) (0)
1S3 21.8+13.6 Ba 7.4£0.1 Ab 6.5+0.1 Bb 0.119+£0.004 Bb  99.1+3.6 Ac 13.7+£0.3 Bb 7.0+0.0 Ba
I i (62.2) (L1.1) (0.8) (3.44) (3.7) (4.2) (0)
J1S4 6.9+5.9 Bb 7.7+0.2 Aa 6.4+0.2 Bb 0.136+0.004 Aa  117.0+6.0 Bb 14.7+0.3 Bb 4.0+0.0 Ba
’ (85.5) (3.1) (2.3) (3.06) (5.1) (3.9) (0)
IS5 23.0+7.7 Ba 7.91+0.0 Ba 6.3+0.2 Bb 0.135+0.004 Aa  122.4+3.2 Ab 23.3+0.3 Aa 8.0+0.0 Ba
(33.4) (0.4) (3.2) (2.76) (2.6) (2.5) (0)
-1
T 17.9 0.8 0.7 0.130 111.5 15.7 5.1
average

TE ARVNE PR R — 22 A FREE L P< 0.05 KF T 25 M, AR KRS FRFRR [ — R 1ZH 1ZE7E P< 0.05 KF T
ZRpE ) Vﬂﬁ?jﬂﬂig%ﬁ,ﬁ{ﬁ%b Different lowercase letters present significant differences among various populations at P<0.05; while
different uppercase letters indicate significant differences between the I and Il layer at P<0.05. Numbers in parentheses are coefficients of variations,
the whit is %.
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